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VEGETATION ASSOCIATED WITII TWO ALIEN PLANT SPECIIEES IN A FESCUE
GRASSLAND IN GLACIER NATIONAL PARK, MONTANA

Robin W, Tyser!
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The presence of alien flora in natural area
grasslands of the Great Basin and surrounding
areas is of considerable concern, given the wide-
spread success of alien flora and associated
decline of native species in this region (Young et
al. 1972, Mack 1986, 1989). Surveys of indige-
nous bunchgrass communities in northern
Rocky Mountain national parks have detected
the occurrence of several alien plant species
(Koterba and Habeck 1971, Stringer 1973.
Weaver and Woods 1955, 1956, Tvser and
Worlev 1992). In addition, alien species have
Comm(ml\ been used to revegetate hinman-dlis-
turbed sites such as roadsides and liousing areas
in national parks. Livestock-related introduc-
tion of Eurasian pasture grasses l))' private out-
fitters is also known to have occurred (Glacier
National Park Records 1939). However, in spite
of these observations and practices, the effects

of alien vegetation in natural area grasslands of

this region remain poorly studied.

Tlns study compares the indigenous vascular
flora and Cr}Pt()gil]ll]L' ground cover associated
with two alien species, Centawrea maculosa
Lam. (spotted knapweed) and Phlcum pratense
L. (common timothy), that have invaded
fescue grasstand in Glacier National Park, Mon-
tana. C. maculosa, now a noxious rangeland
invader thronghout the Pacific Northwest
(Watson and Renney 1974, Lacey 1959), was
first detected in the park in the mid-1960s (R.
Wassem, personal communication). Earlier
observations have shown that this species is
e\'pzmdinff into grasslands adjacent to roadsides
in the park and rc(lucm(r species richness (Tyser
and Key 198S). The impact of C. maculosa on
the cr’\pt()g(mnc gronnd crust—of  potential
importance in soil stabilization. moisture reten-
tion, and nitrogen fixation (Rvchert and Skujins

1974, Anderson et al. 1952, Brotherson and
Rushforth 1953)—has not vet been considered,
nor has the impact of C. maculosa been com-
pared to that of other alien species. P. pratense
is widely distributed throughut the l)drl\ S grass-
lands. Unlike C. m(lc'u[u.sa_. this species appears
to have been intentionally seeded in grasslands
by outfitters before the 1940s and along road-
sides by park personnel before the 1980s (D.
Lange and J. Potter, personal communication).

STUDY SITE AND METHODS

The ca 10-ha study area, located adjacent to
Going-to-the-Sun  Highway in the St. Mary
drainage of Glacier National Park, Montana, is
fairly t()l)OUldl)hl("l“\ homogenecous, i.e., clearly
defined drainage c]mnm‘ls are absent, and
slope, exposure, and substrate texture we rela-
tl\(’]\ unitorm. The study area includes a large

ca ha), imegularly slmpe(l stand dominated l))'
Phlmnn pratense and a small (ca 0.1 ha) stand
adjacent to the roadside diteh dominated by
Centaurca maculosa. The Centaurea  stand
extends >20 m away from the diteh and is not
part of the road-cut corridor. The remaining
p()r‘ti(m of the stu(l}' site is cmnposo(] of a stand
of native Festuca grasses and associated vegeta-
tion in which invasion by alien species hias been
minimal. Thongh no homesteading is known to
have occurred in the study arca before establish-
ment of the park in 1910, this arca was likely
used as summer pasture for concession trail
horses from approximately 1915 to 1940 (B.
Fladmark, personal communication). The study
area has not been used for stock grazing since
that time. Othenvise, there is no indication that
any of the areas sampled in the three stands have
been subjected to anthropogenic disturbance
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since the park was established. In addition, no
fires have been recorded in or near the study
areasince 1910. A eryptogam ground layer con-
posed of small lichens and mosses covering
nndisturbed soil surfaces is commonly present.
Qualitative observation suggests that mosses are
the dominant element in this layer. Mean annual
precipitation in the study area is ca 65 cm
(Finklin 19S6).

In each stand. vegetation was sampled nsing
20 X 30-cm qlmdmt fmmes alonv two transects
placed in representative areas. Within each
quadrat, presence of all vascular species was
determined, and the canopy cover of each vas-
cular species and the surface cover of the cryp-
togamic ground crust were estimated to the
nearest percentage. A stratified random sam-
pling procedure was used in which quadrats
were randomly placed along transect segments
of fixed length. For the Centaurea stand, tran-
sects were 20 m long, and one quadrat was
randomly placed wlthm each 2-m segment (N =
20 quadmts) For the Phleum and Festuca
stands, transects were 100 m long, and one
quadrat was randomly placed within each 5-m
segment (N =40 quudmts per stand).

Five vegetation measures were calculated
for each mdn idual quadrat: (1) vascular species
cover diversity using the Shannon-Wiener index
(I"=-xp lu 3), (2)vascu]arspemes richness,
(3) cumulative (um()p)' cover of native forb spe-
cies, (4) cumulative canopy cover of native grass
species, and (5) surface cryptogam cover. One-
way ANOVAs were used to assess among- stand
differences for each of these quadrat measures.
With the exception of the diversity measures,
data did not meet pm‘um(*tric zlssumptious
(normal distributions, homogencous variances)
and could not be transformed using standard
logarithmic, arcsine, or square root transforma-
tions. Therefore, data were analyzed by the
Kruskal-\Wallis nonparametric one-way
ANOVA procedure as described by Conover
and Iman (1983). The Tukey I]lll]tll)](‘ compari-
son procedure, applicable to both parametric
and nonparametric. ANOVAs  (Conover and
Iman 1981), was used to make pair-wise among-
stand comparisons. Species nomenclature fol-
lows that of Hitcheock and Cronquist (1973).

RESULTS AND DISCUSSION

Prominent graminoid and forb species in the
Festuca stand included Achillea millefolitom,
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Carex spp., Festuca idahoensis, F. scabrella,
Gaillardia aristata, and Lupinus sericeus (Table
1). Species composition of this stand was similar
to prairic communities described elsewhere in
the Pacific Northwest, e.g. the Festuca
scabrella/F. idahoensis association of western
Montana (Mueggler and Stewart 1980), the
Festuca/Danthonia prairie of Alberta (Stringer
1973), and the Washington Palouse prairie
(Daubenmire 1970). Estimated surface cover of
the cryptogam layer in this stand was relatively
high, characteristic of western bunchgrass prai-
ries (Daubenmire 1970, Mack and Thompson
1982). Three alien species were sampled within
the Festuca stand, though total cover of these
species was <1.0%.

Significant among-stand variation occurred
for all community measures (Table 2). Each of
these measures was lowest in the Centaurea
stand. Canopy cover of native forbs and crypto-
gam ground cover in this stand were particularly
low, onl) ca 18% and 4%, respectively, of the
corresponding Festuca stand measures. Thus,
effects of the Centaurea maculosa invasion on
the native flora in the study site appear to be
re]atively severe. The impact of this species is
even more impressive considering its relatively
recent entry into the park.

All but one of the Phleum stand measures
were significantly lower than those of the
Festuca st.md (Table 2). Canopy cover by native
graminoids in the Phleum stand was reduced to
about 50% of its level in the Festuca stand.
However, forb cover differences between these
two stands were not statistically significant
(Table 2). Three species (Achillea millefolium,
Agoseris glauca, and Lupinns sericeus) were
among the four forb species with highest canopy
cover in each stand, suggesting t]mt the forb
components of these two stands were relatively
similar. These observations suggest that Phleum
invasion has affected native UI‘d]]lll]O]dS nore
than native forbs. It should a]so be noted that
while mean quadrat richness was lower in the
Phlcum stand (Table 2), eight more species were
recorded in this stand than in the Festuca stand
(N =59 vs. N = 51: see Table 1). Thus, different
Phlewm vs. Festuca richness patterns may occur
if comparisons are derived from sampling nnits
larger than the 0.1-m° quadrats used in this
study.

Cryptogam cover in the Phlewm stand was
approximately 50% lower than in the Festuca
stand (Table 2). Mack and Thompson (1982)
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TabLE 1. Canopy cover (%) estimates (Jl'slwcivs within the Festuca, Phleum, and Centaurea stands. ° = alien species.

Species Festuea  Phleum Centaurea
GRAMINOIDS

Agropyron caninum 0.4 0.6

Agropyron spicatumn 0.3 0.3

Carex spp. 12.3 5.6 9.3
Danthonia intermedia 4.2 0.9

Festuca idahoensis 9.2 4.3 0.2
Festuca scabrella 7.1 4.1 2.1
Helictotrichon hookeri 0.9 <0.1

Koeleria cristata 14 0.4 <0.1
Phileum pratense® 0.2 3S.4 0.7
Poa juncifolia <0.1

Poa pratensis® <0.1 0.9 1.0
Stipa oceidentalis 3.7 2.1

Stipa richardsonii 0.1 0.8

Forss

Achillea millefolivm 11.7 8.6 0.8
Agoseris glauca 4.0 43

Allium cernuum 0.1 <0.1
Amelanchier alnifolia 0.3 0.9 0.5
Androsace septentrionalis 1.0 0.3

Anemone madtifida 1.4 1.0 <0.1
Antennaria microphylla 0.8 0.3 1.7
Arabis glabra <0.1

Arabis nuttallii 0.2 0.1 <0.1
Arctostaphylos wva-ursi 0.4 0.2

Aster laevis L.S 0.9
Berberis repens 0.1 0.6 0.3
Campanula rotundifolia 0.5 1.0 <0.1
Castilleja cusickii 0.3 <0.1

Centaurea maculosa® 62.0
Cerastium arvense 4.0 3.1 0.7
Collomia linearis <().

Comandra umbellata 0.5 0.3

Species Festuea  Phleum Centaurea
Epilobium angustifolium 0.5
Erigeron subtrinervis 1.5
Erysinum inconspicuum 0.3
Fragaria virginiana <0.1 0.7
Gaillardia aristata 1.9 0.6 <0.1
Galium horeale 0.6 1.8 0.2
Gentiana amarella 1.3 0.7
Geranium viscosissimum — <0.1 1.2
Hedysarum boreale 0.5
Heuchera eylindrica 0.1 0.2 0.2
Hieracium wmbellatum 0.2
Juneus balticus 1.0
Lathyrus ochroleucus 0.2
Lithospermum ruderale 19 3.9 0.7
Lomatiwin triternatum 1.0 2.4 0.3
Lupinus seriecus 5.6 6.0 <0.
Monarda fistulosa 0.6
Orthocarpus tenuifolius 1.2 <0.1
Oxytropis campestris 28 (.9
Oxytropis .\)11{‘11([:’11.&' 0.3
Penstemon confertus 0.5 1.9 0.7
Potentilla arguta <0.1 11
Potentilla gracilis <0.1 0.4 0.3
Potentilla hippiana 0.5
Prunus virginiana 0.1
Rhinanthus erista-galli 0.9 0.4
Rosa woodsii 1.3 28 0.2
Silene parryi 0.4 0.1 <0.1
Sisyrinchium angustifolium (.2 (0.4
Solidago missouriensis 1.6 1.8 0.2
Taraxacum officinale® 0.2 1.4 0.3
Tragopogon dubius® <0.1 0.4
Vicia americana 1.6 1.0
Zigadenus venenosus <0.1

TasLE 2. Among-stand comparisons of quadrat means for five vegetation measures. N = 40, 40, and 20 quadrats,

respectively, for the Festuea, Phleum, and Centaurea stands.

Native Native Cryptogam
I8 Richness graminoids forbs crust
Festuca® 0.966" 14.8" 39.5" 484! 25.9"
Phleum 0572 12.9" 19.2" 55.1° 15.1"
Centaurea 0.385° 7.2° 11.6° ssb 1.3
Fag7 90.084 41,150 53.807 10.596 31.835
P <.001 <.001 <.001 <.001 <.001

*Within each vegetation measure, means with different letters differ sigmficantly from one another (P <05, Tukey muluple comparison tests

suggest that the extensive rhizome-tiller mats of
Eurasian grasses limit cryptogam colonization
sites, which may account for the reduced eryp-
togam cover observed in the Plilewm stand. A
large elk herd ovenwinters in the St. Mary valley
grasslands in which the study area was located
(Martinka 1983). Thus, it is possible that elk
trampling/grazing may reduce cryptogam cover
and facilitate Phleum invasion.

The role played by pre-1940 horse grazing in
the occurrence of Phileum in the study site
cannot be assessed. However, the prominence
of this species some 50 years after the cessation
of horse grazing does indicate that ongoing live-
stock gruzing is not necessary forits persistencc.
The more recent Centaurea maculosa invasion
in the study site and in other fescue grasslands
in the park (Tyser and Key 19SS, Tyser and



Worley 1992) suggests that livestock grazing is
not a prere qumt( fol successful invasion of nat-
ural areas by this species. The success of both P,
pratense and C. maculosa in the study site sug-
gests that mechanisms proposed for the success
of alien flora in agro-svstems, e.g., rapid coloni-
zation of (llstnrb( d sites. structural and physio-
logical adaptations to grazing and trampling,
and low palatability (Mack and Thompson 1952
and references therein, Lacey et al. 1986,
Locken and Kelsey 1987, Kelsey and Bedunah
1989). may also operate in natural area systems.
In addition to overwintering elk, dlmrm(rs of
other native herbivores, ()spe(ml]} grmmd
squirrels  (Spermophilus columbianus), were
common th r()ngh()ut the stu(ly area. At any rate,
though the status and impacts of C. maculosa
and P. prateuse require additional research, this
study shows that the potential effects of these
species—partieularly that of C. maculosa—in
natural area bunchgrass prairies need to be seri-
ously contemplated.

Reduction of Phleuw pratense is not a real-
istic option in Glacier National Park or other
natural areas in which this species is now widely
established. Perhaps the most reasonable rec-
ommendation for this species and other Eura-
sian grassesis simp]y that resource managers not
use these species for revegetation (see also
Wilson 1989). Centaurea maculosa. though
potentially more ecologically disruptive than P,
pratense, is at an earlier stage of invasion in the
park and probably in other natural areas in this
region as well. Thus, the fate of this species may
vet be influenced by appropriate resource man-
agement actions.
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